Pathomorphological changes of intestine, liver, spleen and adrenals of rats experimentally infected with Hymenolepis diminuta are described 24 days post infection. Major structural alterations in intestinal wall include lesions of the mucosa, fusions of villi, damage of the epithelial layer and its replacement by flattened cells with pycnotic nuclei. In addition, tunica muscularis and tunica submucosa become thicker and there are numerous lymphocytes among enterocytes. At moderate infections, the changes in the spleen indicate activation of the lymphopoiesis and enhanced protective functions while, in heavily infected rats, the B zone of the spleen showed signs of emaciation. Liver histology of infected rats showed dilatation of sinusoids and the presence of destructive alterations in the parenchyma, necrotic cells and cells with pycnotic nuclei; in heavily infected animals, the necrotic cells were grouped in foci. In adrenal glands, alterations concern mostly zona fascicularis, which is interpreted as mobilization of cytoplasmic lipid inclusions in order to increase the intensity of the steroid hormone synthesis. The degree and character of histopathological changes depended on the intensity of infection.
Introduction
Hymenolepiasis is a parasitic disease caused by two cestode species, Hymenolepis diminuta and Rodentolepis nana (= Hymenolepis nana). Both are intestinal parasites of man and rodents (e.g. rats and mice). In hymenolepiasis, similarly to other cestode infections, various pathological, immunopathological and physiological alterations were recorded in visceral organs (Raether and Hänel 2003) . In human infections, R. nana, occurring in small intestines, influenced the mucous production and the balance of enzyme secretion. There were local destructive and inflammatory processes breaking peroxyradical production, which might further affect lipids metabolism (Kondrin and Nikiforova 2003) . In such cases, a particular kind of colitis was described (Hunter et al. 2007 ).
Several previous reports described pathomorphology of visceral organs of laboratory animals during experimental hymenolepiasis (Arakcheeva 1969 , Zubitskaya et al. 1972 , Zubitskaya 1974 , Arme et al. 1983 . In infected rats and mice, liver lesions were observed, especially in the liver vascular system. In addition, disorders of the hormone regulation of the lipid metabolism were reported to result in reduction of fatty acid synthesis in liver and testes. There was also a decrease of blood glucose levels (Rath and Walkey 1987 , Mangoud et al. 1991 , Claveria et al. 2005 . T-lymphocytes of mesenteric lymphatic nodes and spleen were believed to play a key role in the host immune defence; antibodies and T-dependent inflammatory processes were shown to be involved in the host defence mechanisms (Isaak 1983; Palmas et al. 1984 Palmas et al. , 1986 .
It is also known that some parasites may modulate the immune response of hosts. As demonstrated by Wang and McKay (2005) , H. diminuta could block the activation of the T-cell proliferation by interleukin-4 inhibition. The T-cell inhibition was also observed in hymenolepiasis caused by R. nana (Shinoda and Asano 1989) . Such inhibition of the host immune response correlated with the intensity of infection .
Taking into account the importance of further studies on the host response to H. diminuta infection, we examined the pathomorphological changes in several visceral organs during DOI: 10.2478/s11686-008-0023-xexperimental hymenolepiasis in rats. The aim of this study is to describe the histopathological changes in intestine, liver, spleen and adrenals. Our observations on changes in the intestine are described here in more detail. However, our preliminary results on the histopathology of the liver, spleen and adrenals will only be briefly mentioned because this part of the project is still in progress (to be published elsewhere).
Materials and methods
Experiments were carried out on 12 inbred white rats (300-350 g), mainly males. They were infected orally with 10-12 cysticercoids of H. diminuta isolated from body cavities of experimentally infected coleopterans Tenebrio molitor or Tribolium confusum. Uninfected rats were used as a control group. The animals were dissected on the 24 dpi (days post infection), i.e. a period corresponding to the intestinal phase of infection. Tissue samples of intestines, liver, spleen and adrenals were fixed in Bouin's solution. The paraffin embedded sections, 4-5 µm thick, were stained with haematoxylin and eosin and impregnated with silver.
Results
Histological studies of the four selected visceral organs, with emphasis on the intestine, revealed pathological changes (Figs 1-4). The observed symptoms of disease were, however, different in different individuals depending on the intensity of infection. Lesions of the mucosa due to the parasite presence and areas exhibiting various degrees of restoration were observed. The regeneration processes aimed at reparation of damaged structures seemed to be quite rapid, sometimes entirely completed on the 24 dpi. The apical areas of the intestinal villi were considerably dilated and fused with each other, with developing scar tissue already fully-formed on the surface of the mucosa (Fig. 1) . The epithelial layer of the villi in the areas bordering scar tissues was absent or was replaced by flattened cells with characteristic pycnotic nuclei. Adaptive and protective changes were obvious in the histological structure of all the layers and sublayers of the intestinal wall. The annular layer of the intestinal musculature, tunica muscularis, was notably thickened; the basal part of tunica submucosa also appeared thicker and more rigid. It contained more numerous fat cells and fibrous structures (Fig. 2) .
In the stroma of the mucous membrane, large lymphoid follicles were observed (Fig. 3) . Among the enterocytes, numerous free lymphocytes belonging to a diffuse lymphoid tissue were encountered; their presence in infected rats was more frequent than in the control animals. The proliferating activity of the enterocytes was evidently increased and mitotic figures were observed not only in the intestinal crypts but also in the epithelium covering the middle third of the villi (Fig. 4) .
The extent of the histopathological changes in the spleen and the liver usually differed in various hosts depending on the intensity of infection. At moderate infections, the histopathological changes observed in the spleen generally indicated an increased activation of the lymphopoiesis and enhanced protective functions. An obvious increase in the general volume and in different components of the white pulp was observed to be the first and the most convincing indicator of the activation processes of the lymphopoiesis, which occurred in the spleen in this group of animals.
In heavily infected rats, with 12 specimens of H. diminuta per host, the B zone of the spleen showed signs of emaciation. Although mitoses in follicles were encountered rather often, the density of lymphocyte accumulation was rather small. For this reason, the follicles of the white pulp (i.e. splenic corpuscles) were not easily and sharply distinguishable from the background of the red pulp. The number of lymphocytes and the density of their arrangement were much decreased in the marginal zone of the white pulp. The red pulp of the spleen showed symptoms of oedema, with lymphocytes and other cells being much diminished in number. The relative volume of the white pulp was also increased but it took place in the T zone and in the marginal zones while the relative size of the B zone did not exceed the norm.
Liver histology of the infected rats demonstrated several malformations. It exhibited dilatation of the sinusoids and the presence of destructive alterations in the glandular parenchyma. The cytoplasm of the majority of hepatocytes had a weakly-expressed oxyphilic reaction, with increased amounts of lipid inclusions. In the peripheral areas of the liver lobes, necrotic cells and cells with pycnotic nuclei were observed. In peripheral areas of liver (close to the triads), small groups of oval cells with elongate lightly stained nuclei were sometimes observed. In heavily infected animals with 12-13 parasites per host, the necrotic cells were grouped to form necrotic foci. In such cases, the liver was infiltrated with regular blood elements, mainly lymphocytes. Destructive changes were also observed in the basal membranes around sinusoids supported by the network of reticular argyrophilic fibres. The latter network was considerably less compact than in control animals and many of its constituent fibres were fragmented. As a result of these sinusoid malformations, small granules of argyrophilic substance were detected. Simultaneously with all above mentioned destructive changes in the livers, there were alterations of compensatory-adaptive and regenerative character. The increased numbers of binuclear hepatocytes was probably connected, to some extent, with the liver regeneration.
In the adrenal glands, only small alterations were recorded. They concerned mainly the zona fascicularis, the adaptive reaction of which was the mobilisation of cytoplasmic lipid inclusions in order to increase the intensity of the steroid hormone synthesis. The cells of this zone contained therefore fewer lipid inclusions. In addition, a certain increase was observed in the reticular zone, from which islands of cells penetrated into the adrenal medulla. 
Discussion
The information obtained in the present study seems to be useful for further discussion on the histopathology and morphofunctional changes involved in the host defence adaptive mechanism in response to parasitic infection. In particular, the spleen was found to react rapidly to the presence of parasites by increasing the relative volume of its white pulp at the T zone. An increase in the dimensions of lymphoid follicles in the intestinal stroma and in the lymphocyte number among the 195 
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Figs 1-4. 1. Cross-section through the intestinal wall of the rat infected with H. diminuta. Note the formation of scar at the point of parasite attachment (arrows). 2. Oblique section of the rat intestine during experimental infection with H. diminuta. Note the infiltration of the submucosal basal layer with host defence cells (arrows). 3. Oblique section through the infected rat intestine. Large lymphoid follicle is visible in the mucosal stroma (arrows). 4. Cross-section through the intestinal wall of rat infected with H. diminuta showing possible signs of mitosis in the enterocytes (arrows). All sections were stained with haematoxylin and eosin and impregnated with silver. Abbreviations: AE -absorbing epithelium, IG -intestinal glands, IL -intestinal lumen, LN -lymph nodule, SM -submucosal muscle, TM -tunica muscularis epithelial microvilli is considered to reflect the enhanced host immune reactivity observed during hymenolepiasis. During this study, we have registered also an increase in the quantity of fatty cells in the rat intestines. It appears to be a reflection of infringement of the lipid metabolism described by previous authors. The destructive changes observed by us in the intestinal wall, along with other cellular and physiological changes, serve as the pathogenetic factor for colitis, which can develop in hymenolepiasis (Hunter et al. 2007) .
The liver protective reaction, as recorded in infected animals by this and other studies (Arakcheeva 1969, Rath and Walkey 1987) , is directed at the intensification of its curative function. In the liver, all toxic products of parasite metabolism are neutralised (Arakcheeva 1969, Rath and Walkey 1987) . In livers showing enhanced functional activity, increased numbers of binucleated hepatocytes and mitotic divisions (Rath and Walkey 1987; present study) are associated with activation of regeneration processes.
In this and other studies (Isaak 1983; Palmas et al. 1984 Palmas et al. , 1986 Gabriele et al. 1986; Shinoda and Asano 1989; Mangoud et al. 1991; Claveria et al. 2005; Wang and McKay 2005) , only small alterations were recorded in the rat adrenal glands during experimental hymenolepiasis. The changes take place essentially in zona fascicularis (Palmas et al. 1984 , present study), the adaptive reaction of which is the mobilization of cytoplasmatic lipids in connection with the steroid hormone synthesis. Generally, the cells of this zone contained fewer lipid droplets. A small increase was also observed in the reticular zone, from which islands of cells penetrated into the adrenal medulla (mentioned also by Palmas et al. 1984) .
In conclusion, it is necessary to emphasise that the degree and character of histopathological changes in the examined visceral organs depended greatly on the intensity of infection.
